Introduction
Sperm-egg fusion in mammals results in the activation of a series of biochemical and physiological changes including cortical granule exocytosis, a process involved in blocking polyspermy, and inactivation of MPF which triggers meiosis resumption (for a review see Yanagimachi, 1994) . There is considerable evidence that the principal intracellular signal responsible for the subsequent events that constitute egg activation is the increase in cytosolic Ca2+ that immediately follows sperm-egg fusion (for a review see Jones, 1998a) . In mice, direct evidence for this role is provided by the fact that both cortical granule exocytosis and meiosis resumption are prevented when the increase in calcium triggered by sperm or by artificial activating agents is prevented (Kline and Kline, 1992; Tombes et al., 1992; Xu et al., 1994) . However, the downstream Ca2+-dependent messengers that mediate specific events in the egg activation process remain to be elucidated.
Calcium may be the trigger for a number of parallel pathways involved in organization of the early events of development. Although protein kinase C (PKC) is implicated in aspects of mammalian egg activation (Gallicano et al., 1997; Jones, 1998b) , several reports suggest that other Ca2+-dependent pathways might be involved in the transition from metaphase to interphase Xu et al., 1996) or in cortical granule exocytosis (Colonna and Tatone, 1993; Ducibella and LeFevre, 1997 (Hanson and Shulman, 1992; Means, 1994) . In Xenopus laevis, microinjection of a constitutively active form of this protein into metaphase II arrested eggs results in the destruction of cyclin and the inactivation of p34cdc2 kinase activity, demonstrating the active role of this kinase in the molecular mechanism underlying cell cycle resumption in amphibian eggs (Lorca et al., 1993; Lorca et al., 1994) . In mice, CaMKII is activated transiently upon egg stimulation with ethanol and acts upstream to the microtubule-dependent cyclin destruction machinery (Tokumitsu et al, 1990; Sumi et ai, 1991; Mamiya et al, 1993; Minami et al, 1994) . These drugs are designed to interact with the regulatory domain of the enzyme and thereby inhibit its activation, which normally occurs as a result of autophosphorylation (Hanson and Schulman, 1992) . The aim of this study of CaMKII in mouse egg activation was to investigate whether the initial events of egg response to a parthenogenetic agent such as ethanol could be affected by the CaMKII inhibitor KN-93 and its inactive analogue . KN-93 is reported to elicit potent inhibitory effects on CaMKII phosphorylating activity with an inhibition constant of 0.37 µ l"1, but has no significant effect on the catalytic activity of cAMP-dependent protein kinase, PKC, myosin light chain kinase and Ca2+-phosphodiesterase (Sumi et al., 1991) . Therefore, this drug is commonly used to investigate the role of CaMKII-dependent pathways in many cellular activities in living cells, including cell cycle control (Rasmussen and Rasmussen, 1995; Tombes et al, 1995; Miralem and Templeton, 1998; Morris et al., 1998) and protein secretion (Mamiya et al., 1993; Niki et al., 1993; Fujimoto et al., 1998; Waters et al, 1998 (Hogan et al, 1986 ) and cumulus cells were dispersed by brief exposure to 0.1 mol hyaluronidase 1_1 (Sigma, St Louis, MO).
Egg treatments
In all experiments, zonae pellucidae were removed with acid Tyrode's solution (Nicolson et al, 1975) and eggs were cultured in M16 medium (Hogan et al, 1986) (Sumi et al, 1991; Mamiya et al.,1993; Tombes et al, 1995 . Eggs treated with 15 pmol KN-93 l·1 had high histone HI activity similar to the control metaphase II arrested eggs (Fig. 3) . This is consistent with the presence of condensed chromosomes aligned on a metaphase plate. In investigated (Fig. 4) . However, when the inhibitor was used at a concentration that causes significant inhibition of polar body emission (15 pmol l·1), the activity of the enzyme stimulated by ethanol decreased to a value similar to that in untreated metaphase II arrested eggs (P > 0.5, Student's t test) (Fig. 4) The mean ratio for basal Ca2* in these experiments was 0.5 ± 0.02 (n = 59). The peak ratio recorded after stimulation with 1 µ ionomycin l"1 ranged between 1.5 and 1.8.
• In amphibian eggs, CaMKII is responsible for the ubiquitin-dependent destruction of cyclin and thus for release from metaphase arrest (Lorca et al, 1993 (Lorca et al, ,1994 . In the present study it was demonstrated that the inhibition of CaMKII maintains eggs in metaphase by preventing ethanolinduced MPF inactivation. This finding suggests that in mouse eggs, the Ca2+-sensitive mechanism underlying meiosis resumption involves a CaMKII-dependent pathway, and supports other studies showing that W-7, a putative calmodulin antagonist, negatively affects sperm-induced cell cycle resumption (Xu et al, 1996) . In mouse eggs, MPF inactivation after parthenogenetic activation requires activation of PKC (Colonna et al, 1997 (Billah and Anthes, 1990) . These observations, together with the finding that CaMKII is activated upstream to the microtubule-dependent destruction machinery , suggests that in mouse eggs, CaMKII functions as a primary effector of the Ca2+ signal and targets MPF destruction through a pathway involving a PKCdependent step.
It is well established that an increase in Ca2+ is essential for cortical granule exocytosis (Whitaker, 1987; Kline and Kline, 1992) , but little is known about the intracellular signalling mechanism underlying this event. Recent evidence suggests that the protein machinery of membrane fusion during cortical granule exocytosis is similar to that in neuronal exocytosis (Masumoto et al, 1996; Avery et al, 1997; Ikebuchi et al, 1998; Masumoto et al, 1998) . In neuronal and neuroendocrine cells, secretion involves many kinases including PKC and CaMKII (Trifaro et al, 1992; Sudhoff, 1995 (Colonna et al, 1989; Colonna and Tatone, 1993) . However, a putative antagonist of calmodulin, a Ca2+ sensor for exocytosis in sea urchin eggs (Steinhardt and Alderton, 1982) , did not affect sperm-induced exocytosis in mouse eggs (Xu et al, 1996) . Nevertheless, a calmodulin-dependent step may be involved in this process. Indeed, Xu et al (1996) reported that W-7 results in a significant decrease in density of cortical granules, and suggested that prolonged stimulation of calmodulin by sperm-induced persistent Ca2+ oscillations interferes with the inhibitory action of W-7. Data from the present study show that when CaMKII activation occurring downstream to ethanol-induced Ca2+ increase is inhibited, cortical granule exocytosis is markedly reduced, suggesting that in mouse eggs, calmodulin is involved in the mechanism that controls exocytosis through the activation of CaMKII. This hypothesis is supported by the observation that CaMKII catalyses the phosphorylation of Rabphilin-3A (Kato et al, 1994) , a protein implicated in neurotransmitter release and in sperm-induced cortical granule exocytosis downstream to the increase in Ca2+ (Masumoto et al, 1996) . 
